INTRODUCTION
Studies on the anatomical peculiarities of congenital cardiac disease, with explanations of their embryonic development, have been comparatively common. Attention has been focused upon the numerous deviations from the normal which may occur as a developmental anomaly, but comparatively few studies have been made upon the functional disturbance of the circulation. Further, little or no attention has been paid to those means of physiological compensation and adaptation which would necessarily have to occur in order to maintain life. There has been the well-known differentiation into two broad classes,-the cyanotic and non-cyanotic groups. The circulatory problems underlying the latter are but little different from those which occur in acquired cardiac disease. On the other hand, in Morbus Caeruleus (the cyanotic type of a case) a number of questions of great physiological importance arise. The present communication deals with three such cases all of which have been studied in more or less complete detail.
MATERIAL
Case no. 1, W. R. Came under observation at the age of twelve years, giving a history of having suffered from shortness of breath, weakness, and blueness of the hands and face since infancy. On attempting exercise he could walk only a few feet before the cvanosis became intense, and persistence in the effort produced unconsciousness.
On physical examination he was a poorly developed, thin, male child, with pronounced cyanosis of the hands, ears, and mucous membranes. There was pronounced clubbing of the fingers and toes. The chest was prominent and rachitic, the venules of the upper thorax were quite distinct. The patient complained that she had had breathlessness, weakness, and blueness of the skin since infancy. On examination she was found to be under-developed, very cyanosed, with pronounced reticular mottling of the skin. The fingers were long and tapering but there was comparatively little clubbing of the tips.
The physical examination was normal except for the circulatory system. The apex beat was in the fifth space, 10 cm. from the mid-sternal line. It was not pronounced on inspection but gave a thudding impression to the palpating finger. There was a palpable systolic thrill in the fourth left space about 7 2 cm. from the mid-line. The cardiac dullness measured 3 cm. to the right and 11 to the left of the mid-sternal line. The heart sounds were well heard and were accompanied by a harsh systolic murmur heard over all areas but most pronounced in the third left intercostal space about 4 cm. from the mid-line. The second sound of the mitral area was of a slapping character and occasional extrasystoles were detected. The pulse was 115 per minute, easily compressible, with occasional irregularity of the rhythm. On immersing the hand and forearm in hot water the cyanosis practically disappeared. On slight exertion it became intense and although the patient could walk about at a slow pace she had a much greater limit of exertion than case 1, but she could not walk upstairs. The 3 ) and a complete heart block. Examination of the blood showed erythrocytes to be 8,000,000 and haemoglobin 161 per cent. The haematocrit readings were corpuscles 63 per cent and plasma 37 per cent. An x-ray of the chest revealed the heart to be rounder than usual and the aorta to be small. The respiratory rate and rhythm in cases 1 and 2 were within normal limits. In case 3, however, over a long period of observation it has been found that the respiratory rate synchronizes with that of the heart rate. An adequate explanation of this phenomenon has not been discoverable. This rapid respiratory rate is reflected in the large minute volume of expired air in this case. It amounted to 12.82 liters per minute. The details of the respiratory and blood gas data are set forth in The sum total of these findings would indicate that there had been an efficient attempt to compensate for the disturbed aeration of the arterial blood.
THE OXY-HAEMOGLOBIN DISSOCIATION CURVES
The oxy-haemoglobin dissociation curves (figs. 7, 8 and 9) show in all cases a distinct shift to the left, as would be expected if an alkalosis were present. These curves are similar to those found by the Royal Society Expedition to the Andes (1) and conform to the oxy-haemoglobin curves which Barcroft (2) found to occur when the haemoglobin was concentrated in human blood. It may also be noted that the CO2 curves are of a similar character to those found by this Expe- per cent in case 1, 70 per cent in case 2, and 81 per cent in case 3, while the CO2 content was respectively 28 cc., 33.6 cc. and 34.3 cc., volumes per cent. In these cases the degree of oxygen de-saturation of the arterial blood was greater than that found in any people living at high altitudes.
CIRCULATION IN MORBUS CAERULEUS RIGHT TO LEFT SHUNT IN THE HEART
A number of attempts have been made to determine the amount of blood diverted from the right heart into the main arterial circulation through abnormal communications. The premises upon which calculations of the right to left shunt have been made were as follows: (1) FIG. 6. CARBON DIOXmE DISSOCIATION CURVES OF CASE 3 N-normal oxygenated CO2 curve, 0-fully oxygenated CO2 curve, R-fully reduced CO2 curve, X-CO2 curve at an oxygen saturation as found in the arterial. It would seem impossible therefore to determine the venous shunt in such cases of congenital heart disease by these modified aerotonometric methods. CONCLUSIONS 1. There is a distinct decrease in the oxygen saturation of the arterial blood.
2. There is an increase in the CO2 content and a decrease in the CO2 partial pressure in the arterial blood as compared with the pulmonary blood leaving the lungs.
3. There is a pronounced shift of the CO2 dissociation curve towards the right in such cases.
4. The pH of the arterial blood is more alkaline than the blood leaving the lungs.
5. It was found impossible to obtain reliable determinations of the venous or right to left shunt in these cases.
